The strong correlation between glyphosate uptake and growth inhibition of cultured carrot (Daucus carota L. cv Danvers) cells incubated in the presence ofaspartate suggests that aspartate reverses glyphosate inhibition of growth primarily by reducing intracellular glyphosate concentration. Other compounds which reverse glyphosate inhibition of cell growth gave a range of effects on glyphosate uptake: succinate, a-ketoglutarate, glutamate, pyruvate, and malate at 10 millimolar and phenylalanine at 2 millimolar reduced uptake by 0, 8, 11, 16, 27, and 34%, respectively. These results suggest that more than one mechanism of reversal may operate in these cels.
The activity of the nonselective herbicide glyphosate [N-(phosphonomethyl)glycinel in plants has been under investigation for more than 10 years. Early work (11) showed that glyphosateinduced growth inhibition of duckweed (Lemna gibba) and Rhizobium japonicum could be overcome by supplying aromatic amino acids. Similar results have been reported with Escherichia coli, Chlamydomonas reinhardii, Arabidopsis thaliana, and cultured cells of carrot (Daucus carota), soybean (Glycine max), and tobacco (Nicotiana tabacum) (6, 8) .
Based on the reversal of glyphosate inhibition by aromatic amino acids, it was proposed that the herbicide may act by reducing the synthesis of these amino acids (11) . Glyphosateinduced reductions in the levels of aromatic amino acids have been found in maize roots (9) , soybean hypocotyls (4), wheat (16) , and buckwheat hypocotyls (10) . Recent work (1) has shown that the reduction in aromatic amino acid levels may result from the inhibition of an enzyme in the pathway from shikimate to the aromatic amino acids. Using a cell-free extract from Aerobacter aerogenes, the enzyme 5-enolpyruvylshikimic-3-P synthetase was identified as the specific site of glyphosate inhibition (17) . Similar activity in higher plants was inferred from the accumulation of shikimate and reductions in levels of its metabolites (e.g. chorismate and anthocyanin) in cultured Galium mollugo cells and in buckwheat hypocotyls (1) .
In addition to the previously observed reversal of glyphosate inhibition by aromatic amino acids, it has been reported recently (12) (2) , it was concluded that glyphosate may inhibit growth by causing ammonia to increase to toxic levels. Also, the tricarboxylic acid cycle indirectly feeds the shikimic acid pathway, and this cycle could be depleted by the rapid production of shikimic acid in the presence of glyphosate (1) . Killmer et al. (12) proposed that organic acids could reverse glyphosate toxicity by preventing such a depletion. However, Jaworski (11) found that the shikimic acid precursors erythrose 4-phosphate and phosphoenolpyruvate failed to reverse glyphosate inhibition.
There is little reported information concerning the possible effects of identified 'reversing agents' on the uptake of glyphosate by cells or tissue, even though size and charge similarities between glyphosate and some of these compounds suggest such an investigation. One report (7) concluded that the uptake of glyphosate by carrot cells was not affected by phenylalanine during 12 h of incubation.
In this paper, we report the effects of aspartate and other reversing agents (12) LSDo.os 9 rose for about 8 h, then leveled off at about 12 cpm iml-' in the presence of aspartate and about 20 cpm-ml-' in the absence of aspartate. Apparently, growth dilution was accompanied by a rapid reduction in net glyphosate uptake, and the longer term glyphosate content of the cells was determined largely during the first 8 h after inoculation. Aspartate may 'reverse' glyphosate toxicity by competing for uptake sites during this period; both molecules are similarly charged (-1) at the pH of the medium (4 to 5), and both are of similar size (mol wt of 133 and 169 for aspartate and glyphosate, respectively). Perhaps the carrier proposed for acidic amino acids (13) can also accept glyphosate. Glyphosate was apparently accumulated against its electrochemical potential in these cells, inasmuch as the intracellular concentration in the absence of aspartate exceeded the external concentration within 2 h after inoculation. Furthermore, the internal concentration of an anion such as glyphosate should be severalfold lower than the external concentration at equilibrium due to the transmembrane potential (3). Thus, energy was required to accumulate both aspartate and glyphosate, and the uptake of both may have been reduced if such energy was limiting.
It is not clear why net glyphosate uptake was reduced rapidly within 8 h after transfer into the herbicide. Perhaps repolarization of the membrane caused a general reduction in anion uptake. Also, the cell membrane may have undergone changes in integrity or composition during this period; protein synthesis is thought to increase rapidly following transfer of cells (18) .
The effects of other growth-reversing agents on glyphosate uptake during 48 h after inoculation are shown in Table II Figure 5 . Both compounds caused initial increases in ammonia levels. By 2 d, these differences had largely disappeared, after which ammonia levels in the control and in both aspartate treatments declined. In contrast, ammonia level in cells treated with glyphosate alone rose between 2 and 4 d, and then declined by 8 The data presented in Figure 5 do not strongly support the suggestion (12) that glyphosate may cause ammonia toxicity. It has been found (2) that tobacco cells supplied with ammonia and organic acids grew very well with intracellular ammonia levels of 13 mol/g fresh weight, which is more than three times the maximum level observed in this study. Also, ammonia levels in glyphosate-treated cells declined between 4 and 8 d, even though growth was very slow. Still, ammonia levels were somewhat higher in glyphosate-treated cells, so the possibility of some ammonia toxicity cannot be ruled out. It is apparent that any ofthe proposed mechanisms of glyphosate's acting through effects on aromatic amino acid biosynthesis (1) or breakdown (5) would be likely to cause some change in ammonia levels, though such changes may only be secondary to the toxic activity.
The pH of the growth media ranged from 3.9 to 5.1 over the course of the experiment. Neither glyphosate nor aspartate affected pH in a consistent manner. Thus, it is unlikely that aspartate mediated glyphosate uptake through an effect on pH.
Cell viability at each sampling time was at least 90%o in all treatments, and was not affected by aspartate or glyphosate. That glyphosate did not kill these cells is in agreement with the findings of Haderlie (7) that cells removed from glyphosate could recover and grow normally.
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